Abstract: Altogether 26 species of phloemophagous and xylophagous insects, 47 species of parasitoids, 14 species of predators and 7 species of inquilines were identified on the branches of Quercus cerris, Q. frainetto, Q. petraea and Q. robur, diameter 3-15 cm, at 24 sites in Serbia over the period 1992-1996. The greatest number of the identified species were taken from Q. petraea branches (66), followed by Q. cerris (49), Q. frainetto (48) and Q. robur (43). Among the identified phloemophagous and xylophagous insects, the most frequent and the most abundant species were Scolytus intricatus, Agrilus angustulus and Xylotrechus antilope. The most frequent and the most abundant parasitoid was Ecphylus silesiacus. In some samples, the species Entedon ergias, Cheiropachus quadrum and Dendrosoter protuberans were also among the more abundant parasitoids. The most significant predator was the species Tilloidea unifasciata, and the most significant inquilines were the species Poecilothrips albopictus and Asynapta pectoralis.
Introduction
Oak forests are very important for Serbian forestry. They cover the area of 720,800.0 ha and account for 34.4% of the total forest area in Serbia (2,098,400.0 ha) (Banković et al. 2009 ). Unfortunately, massive oak decline occurs periodically (Manojlović P. 1926; Đorđević 1931; Marinković 1986 Marinković , 1987 . According to the majority of researchers (Manojlović P. 1926; Popović 1987; Marinković 1990; Jodal 2008) , it is caused by synchronised impacts of a series of factors of both biotic and abiotic nature. Among biotic factors, insects occupy a significant place, especially defoliators, phloemophagous and xylophagous insects (Marinković 1990; Mihajlović et al. 1997) . Defoliators (Geometridae, Lymantridae, Noctuidae, Tortricidae (Lepidoptera)) physiologically weaken the infested trees by frequent defoliation incidences and make them favourable for the attack of secondary pests. Phloemophagous insects, because some phloemophagous species are the spreaders of spores of pathogenic fungi of the genus Ophiostoma H. & P. Sydow (Ophiostomatales, Ophiostomataceae), agents of oak decline (Edelman & Mališeva 1959; Patočka & Novotný 1987; Marković 1999) . Xylophagous insects accelerate tree mortality by infesting the declining trees.
Oak defoliators in Serbia have been studied by several authors (Vasić 1954 (Vasić , 2002 Đorović 1980; Mihajlović 1986; Glavendekić 1988; Mihajlović & Ristić 1996; Zečević 2002) . However, phloemophagous and xylophagous oak insects, and especially their parasitoids, predators and inquilines, have not been sufficiently investigated. To improve this gap, phloemophagous and xylophagous insect fauna, their parasitoids, predators and inquilines on the branches of four most important oak species in Serbia (Quercus cerris L. 1753, Q. frainetto Tenore 1813, Q. petraea Mattuschka (Lieblein) 1784, Q. robur L. 1753) was studied over the period [1992] [1993] [1994] [1995] [1996] .
The aim of this research was to make a detailed list of phloemophagous and xylophagous species developing in the branches of each of the studied oak species and to assess the significance of the identified phloemophagous and xylophagous species, their parasitoids, predators and inquilines. This research was a part of a wider study of the role and significance of insects in the process of oak forest decline in Serbia. For this reason, the study results will be discussed in this sense.
Material and methods
Phloemophagous and xylophagous insects, their parasitoids, predators and inquilines were studied in 24 sites in Serbia. Branch samples were collected from the following sites:
Q. cerris from 11 sites: Aleksinac -Vakup (43 • 33 N, 21
• 42 E), 20 • 25 E), 20 • 24 E), Bogovađa (44 • 19 N, 20 • 10 E), Bovansko Jezero -Osoja (43 • 38 N, 21
• 43 E), Kosmaj (44 • 27 N, 20 • 33 E), Mala Moštan-ica (44 • 39 N, 20
• 17 E), Smederevska Palanka -Mikulja (44
• 22 N, 20 Explanations: Nsp -total number of collected species; N -total number of obtained adults; Na -average number of obtained adults per sample; n -number.
20
• 17 E), • 15 E), 20 • 41 E).
At each of the study sites, 30-40 cm long cuttings, diameter 3-15 cm, were taken from randomly selected cut oak branches infested by phloemophagous and xylophagous insect larvae and pupae. A sample consisted of 20-25 such branch cuttings. The branches from which the samples were taken were pruned about 3-6 months prior to sampling. In the laboratory, branch cuttings were placed in emergence boxes, which were kept in the insectarium under field conditions. During the flight of adult insects, the emergence boxes were examined daily. The emerged adults were collected, killed by ether, prepared, and identified. The species of the orders Raphidioptera and Coleoptera were identified by Č. Marković and A. Stojanović, Hymenoptera by A. Stojanović, Thysanoptera by LJ. Anđus, and Diptera by D. Simova-Tošić and A. Stojanović. The adult insects are stored in the collection of the Faculty of Forestry in Belgrade.
Of the collected 76 samples, 24 samples were collected from the branches of Q. cerris, 18 from Q. frainetto branches, 21 from Q. petraea branches and 13 from Q. robur branches.
Each insect species obtained from the collected samples was classified according to its trophic level (phloemophagous and xylophagous species, parasitoid, predator, inquiline), after which the significance of each species in the group, separately for each oak species, was assessed based on:
1. Dominance (ratio between the number of adults of a species and the total number of obtained adults in a group, in percents); 2. Number of sites where the species was identified; 3. Number of samples in which the species was identified.
Phloemophagous and xylophagous species are presented together, because some of the obtained species, due to their life history characteristics (they develop both in the xylem and in the phloem), could not be precisely classified.
Results
Altogether 44,251 adult insects were obtained from the collected samples. Their identification resulted in 94 species, of which 48 species belonger to the order Hymenoptera, 37 species to the order Coleoptera, 4 species to the order Thysanoptera, 3 species to the order Diptera and 2 species to the order Raphidioptera. Among the obtained insect species, 47 species were parasitoids, 26 species were phloemophagous and xylophagous insects, 14 species were predators and 7 species were inquilines. All the identified species, their systematic classification and status, the total abundance, total dominance, and frequency of occurrence of each species in the collected samples and at the study sites are presented in Appendix 1.
The highest number of insect species in this study was identified in the branches of Q. petraea (66), followed by Q. cerris (49), Q. frainetto (48) and Q. robur (43) ( Table 1) . As for the number of obtained species, in all four oak species, the most abundant were parasitoids, then phloemophagous and xylophagous insects, predators and inquilines. However, the highest total number of adults was reached by phloemophagous and xylophagous insects, followed by parasitoids, inquilines and predators.
The total number of insect species per samples differed greatly: 6-18 species were obtained from Q. cerris, 4-18 from Q. frainetto, 6-27 from Q. petraea and 5-19 from Q. robur. The minimal, maximal and average numbers of phloemophagous and xylophagous species, parasitoids, predators and inquilines obtained from the study samples are presented in Table 2 . Among the phloemophagous and xylophagous species in the branches of the studied oak species, Scolytus intricatus (Ratzeburg, 1837) was most significant. This bark beetle was identified in the majority of samples (Q. cerris 75.0%, Q. frainetto 61.1%, Q. petraea 85.7%, Q. robur 76.9%) and there were no sites without its presence. In about 90.0% of samples in which it was identified, it was the dominant phloemophagous and xylophagous species. The values of its dominance in the samples usually ranged between 50.0 and 95.0%. Among phloemophagous and xylophagous insects in all four oak species, Agrilus angustulus (Illiger, 1803) was also a very frequent and abundant species. The values of its dominance in the samples where it was identified ranged from 0.13 to 77.7%, in the greatest number of samples (60.0%) between 5.0 and 35.0%. Xylotrechus antilope (Schonherr, 1817) was also a very frequent but less abundant species. In 70.0% of samples in which it was found, its dominance did not exceed 5.0%. The maximal value of its dominance in the samples accounted for 28.7%.
In addition to the above, among the phloemophagous and xylophagous species, frequent but less abundant were the species Chrysobothris affinis (F., 1794), Poecilium alni (L., 1767), P. pusillum (F., 1787), Taphrorychus villifrons (Dufour, 1843) and Resseliella quercivora (Mamaev, 1965) . In the greatest number of samples in which C. affinis and T. villifrons were collected, their dominance did not exceed 1%, P. pusillum and R. quercivora 3%, and P. alni 5.0%.
Ecphylus silesiacus (Ratzeburg, 1848) was the most significant and the most abundant parasitoid in all four oak species. It was identified in the highest number of samples (Q. cerris 95.8%, Q. frainetto 94.4%, Q. petraea 80.1%, Q. robur 92.3%) and in many of them (about 60%) it was the dominant parasitoid species. In the samples in which it was found, its dominance ranged between 2.4 and 100%, and in the samples in which it was the dominant parasitoid, between 29.5 and 100%, mostly between 30.0 and 60%. Also, in several samples in which it was not the dominant parasitoid species, the values of its dominance ranged about 30%.
In addition to E. silesiacus, frequent parasitoids of phloemophagous and xylophagous insects were also Entedon ergias Walker, 1839, Cheiropachus quadrum (F., 1787) and Dendrosoter protuberans (Nees, 1834) in the collected branch samples of Q. cerris, Q. frainetto, Q. petraea and Q. robur. In the greatest number of samples (about 60%) their dominance did not exceed 15%. However, in some samples, the values of their dominance were considerably higher. Thus, for example, in the Q. petraea sample collected at Majdanpek -Debeli Lug on July 17, 1992, the dominance of E. ergias was as much as 97.6%, D. protuberans in Q. frainetto sample collected at Bogovađa on April 8, 1994 accounted for 95.2%, and Ch. quadrum in the Q. robur sample collected at Mladenovac -Markovac on April 4, 1994 accounted for 81.3%.
Frequent parasitoids of phloemophagous and xylophagous insects in the branches of Q. cerris, Q. frainetto, Q. petraea and Q. robur in Serbia were also the species Spathius brevicaudis Ratzeburg, 1844, Polystenus rugosus Foerster, 1862, Eurytoma morio Boheman, 1836, Doryctes leucogaster (Nees, 1834), Entedon tibialis (Nees, 1834) and Aspicolpus carinator (Nees, 1812). In the samples where these species were identified, the dominance of P. rugosus did not usually exceed 15%, A. carinator, E. morio and D. leucogaster 10%, and S. brevicaudis and E. tibialis 5%.
In addition to the above, another 37 parasitoid species were also identified during our study. However, their significance, compared to the above species, was low. Many of them (18) were identified only in one sample each (Appendix 1).
The abundance of inquilines and predators in the collected branch samples of Q. cerris, Q. frainetto, Q. petraea and Q. robur was low. Namely, in any of the samples in which they were identified there were not more than 5-10 adults of all species of inquilines, or 5 adults of all species of predators. Among the inquilines, the most frequent and the most abundant species were Poecilothrips albopictus (Uzel, 1895) and Asynapta pectoralis (Winnertz, 1853), and among the predators, the species Tilloidea unifasciata (F., 1787). The other species of inquilines and predators were rare and few.
Discussion
The list of 94 species of insects obtained during our study shows that the branches of Q. cerris, Q. frainetto, Q. petraea and Q. robur in Serbia harbour a rather high number of species of phloemophagous and xylophagous insects, their parasitoids, predators and inquilines. The study list contains mainly the species reported also by similar studies in Slovakia (Galko et al. 2007) and Slovenia (Jurc et al. 2009 ).
As for phloemophagous and xylophagous insects, altogether 26 species were identified in the branches of Q. cerris, Q. frainetto, Q. petraea and Q. robur. Most of them (96%) belong to the order Coleoptera, and the highest number to the families Cerambycidae (50%) and Curculionidae (23.1%). In Central and South Europe, they are mainly widely distributed species of which many, in addition to different species of the genus Quercus, also colonise other tree species (Arnoldi 1965; Rihter & Alekseev 1965; Mikšić & Georgijević 1973; Mikšič & Koprič 1985; Pfeffer 1995) .
Among the phloemophagous and xylophagous species in the branches of Q. cerris, Q. frainetto, Q. petraea and Q. robur in Serbia, the most abundant is the bark beetle S. intricatus. It is a typically secondary species developing in the branches of physiologically weakened and freshly cut trees (Marković 1999). As such, its significance is not high in normal conditions. However, in the declining oak forests, this bark beetle can cause great damage. It is reported that its adults transmit the spores of pathogenic fungi of the genus Ophiostoma, agents of oak mortality, from the crowns of infested trees to the crowns of healthy trees (Edelman & Mališeva 1959; Karadžić & Marković 1996) . For this reason, great attention should be focused on the regulation of its abundance in the declining oak forests.
According to Galko et al. (2007) , S. intricatus is dominant among phloemophagous and xylophagous species also in oak branches (Q. cerris, Q. daleschampii) in Slovakia. In Serbia, in addition to different species of the genus Quercus, it also infests beech (Fagus moesiaca (Domin, Maly) Czeczott 1933). Still, it is a rare species in beech forests in Serbia (Marković 1999) .
Along with S. intricatus, among phloemophagous and xylophagous insects on Q. cerris, Q. frainetto, Q. petraea and Q. robur branches in Serbia, frequent and somewhat more numerous were also the species A. angustulus and X. antilope. In our opinion, these are typically secondary species and their significance as the agents of oak forest decline in Serbia is not great. However, there are different opinions (Szontagh 1987; Schopf 1992; Moraal & Hilszczanski 2000) . According to Patočka & Novotný (1987) Agrilus species are, in addition to S. intricatus, spore transmitters of pathogenic fungi of the genus Ophiostoma. In this sense, the species A. angustulus could be significant.
The list of 47 parasitoid species collected in this study shows that the parasitoid fauna of phloemophagous and xylophagous insects in oak branches in Serbia is very rich. The obtained parasitoids are polyphagous species (Tobias 1976; Shenefeld, 1978; Noyes 2003) . As some of them can parasitise several hosts found on the same branches, the caught parasitoids were not precisely classified by hosts. Among them, the most frequent and the most abundant species was E. silesiacus. According to Shenefeld (1978) , it is a larval parasitoid of many Scolytidae. It is reported as the parasitoid of S. intricatus in Slovakia (Čapek et al. 1987; Zach 1994; Galko & Pavlík 2009 In addition to E. silesiacus, among parasitoids of phloemophagous and xylophagous insects in oak branches in Serbia, E. ergias, Ch. quadrum and D. protuberans were also frequent and in some samples very abundant. Also, frequent but less numerous were the species S. brevicaudis, P. rugosus, E. morio, D. leucogaster, E. tibialis and A. carinator. Most of the above species were parasitoids of S. intricatus (Marković & Stojanović 2003) . That is why they were probably, just as E. silesiacus, more abundant compared to other parasitoids. However, among them there were also some species which were also parasitoids of other Coleoptera (Anobiidae, Buprestidae, Cerambycidae, Curculionidae) infesting oak branches (Tobias 1976; Shenefeld 1978; Noyes 2003) .
Compared to parasitoids, the diversity and abundance of phloemophagous and xylophagous insect predators in the branches of Q. cerris, Q. frainetto, Q. petraea and Q. robur in Serbia is considerably lower. Such results were also reported by Galko & Pavlík (2009) for Q. cerris and Q. daleschampii in Slovakia. In Serbia, T. unifasciata is the most frequent species among predators. Other predator species of phloemophagous and xylophagous insects in the branches of Q. cerris, Q. frainetto, Q. petraea and Q. robur are much more rare.
During our study, 7 species of inquilines of phloemophagous and xylophagous insects were identified in the branches of Q. cerris, Q. frainetto, Q. petraea and Q. robur. Generally, their abundance was not great. The most frequent and the most abundant species among them were P. albopictus and A. pectoralis. Other species were rare and small in number. Explanations: N -total number of collected adults; De -density*; D -dominance (%); Nsi -number of sites at which the species was identified; Ns -number of samples in which the species was identified; * total number of collected adults per m 2 of bark surface.
